The sequence of a 28 kbp segment of DNA surrounding the spoVM gene of Bacillus subtilis 168 (lying at approximately 145" on the standard genetic map) has been determined. The region contains 27 ORFs, a number of which have predicted products signif icantly similar to proteins in sequence databases, particularly to proteins involved in macromolecular synthesis of nucleic acids, proteins and phospholipids. A pair of closely linked genes encode a likely serine protein phosphatase and a serine protein kinase, respectively. Such proteins play important regulatory roles in eukaryotic cells but are rare in pro karyotes.
INTRODUCTION
As part of the Bacillus subtilis genome sequencing project (Moszer et af., 1996) we were assigned the region between adeC (130") and poZC (147'). In previous communications we have described the sequencing of several segments of DNA from this region Daniel et al., 1994 Daniel et al., , 1996 ; Yanouri et af., 1993). Here we describe the sequence of a 28 kbp segment of DNA, obtained by plasmid integration and excision, using as a starting point the previously characterized spoVM gene (Levin et af., 1993) . The sequence of the region is analysed and shown to contain genes with a wide range of functions.
METHODS
Bacterial strains. B. subtifis strain 168 (from C. Anagnostopoulos, INRA, Jouy-en-Josas, France) was used in all plasmid integration and excision experiments. Subcloning was performed in Escherichia cofi strain DH5a [Life Technologies ; (F-)endAI hsdR1 7(rk-mk+) supE44 recA1 gyrA96 1-thi-1 refA1 A(facZYA-argF)U169 480 AfacZ AM151 . During chromosome walking experiments plasmids were excised and recovered in E . cofi strains DHSa or TP611 (from P. Glaser, Institute Pasteur, France; thi thr feuB6 lacy1 tonA21 supE44 hsdR hsdM recBC fop1 1 cya-610 pcnB80 zad: : Tn1 0). DNA manipulations. The technique of chromosome walking was used to clone DNA from B. subtifis by the recovery of integrated plasmids from the chromosome (Niaudet et af., 1982) as described by Errington (1990) . DNA manipulations
The EMBL accession number for the sequence reported in this paper is Y13937.
were carried out using standard procedures (e.g. Sambrook et af., 1989) . Plasmids pSG1301 (Stevens et af., 1992) or pSG2 (Fort & Errington, 1985) were used as the cloning vectors. To initiate chromosome walking downstream from spoVM, plasmid pSG2012 was constructed by cloning the 0 4 kbp HindIIIIXhoI fragment from pSC603 (Levin et al., 1993 ) into pSG1301. pSG2012 was then transformed into B. subtifis 168 and a transformant was used for chromosome walking. T o initiate the chromosome walking upstream from spoVM, a second plasmid (pSG2013) was constructed by isolating the 1.3 kb EcoRIIHindIII insert from pSC600 (Levin et af., 1993) and subcloning it into pSG1301. The resulting plasmid was then used for chromsome walking as described above.
Transformation. B. subtifis 168 was transformed by the method of Anagnostopoulos & Spizizen (1961) as modified by Jenkinson (1983) . Transformants of B. subtifis containing integration plasmids were selected on Oxoid nutrient agar containing chloramphenicol (5 pg ml-l). E. cofi strains DHSa and T P l l were transformed by the method of Sambrook et af. (1989) .
PCR. PCR products were generated from template DNA of B. subtifis 168 using the conditions described by Innis & Gelfand (1990) or long range PCR (GeneAmp XL PCR kit, Perkin Elmer).
Sequence determination. The clones obtained by plasmid integration and excision were sequenced by primer walking using custom synthesized oligonucleotide primers. Plasmid DNA was prepared for sequencing using Hybaid recovery plasmid mini preps or the Qiagen Plasmid Midi Kit. The PCR products were purified with a QIAEX I1 Gel Extraction Kit (Qiagen). The purified DNA was sequenced using the ABI PRISM Dye Terminator Cycle Sequencing Kit (Perkin Elmer) and the Applied Biosystems 373 automatic DNA sequencer (Perkin Elmer). All of the sequence was determined on both strands. 
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RESULTS AND DISCUSSION
Cloning and sequencing
The spoVM-encoded protein is required for a late step in spore development (Levin et al., 1993) and the gene lies at 14.5" on a recent genetic map (Anagnostopoulos et al., 1993) . The sequence of the previously cloned and sequenced spoVM gene was used as a base from which to chromosome-walk by plasmid integration and excision (Fig. 1) . T o begin walking 0.4 kbp (pSG2012) and 1-3 kbp (pSG2013) segments of DNA from the spoVM region were subcloned into the integration plasmid pSG1301. Initial clones obtained extending downstream from spoVM showed a different restriction pattern from that obtained previously by Levin et al. (1993) . In retrospect, it appears that plasmid pSC603 obtained by
Levin et al. (1993) must have contained two noncontiguous HindIII fragments of DNA, rather than having arisen by partial digestion as the authors suggested. We confirmed that our physical map of the spoVM region was correct by PCR amplification of DNA from B. subtilis strain 168 using appropriately positioned synthetic oligonucleotide primers. In a series of steps a 28 kbp segment of DNA extending both upstream and downstream of spoVM was obtained ( Fig. 1 ). After each round of chromosome walking, we confirmed that the clones obtained were contiguous with previous clones, either by plasmid walking back through the region or by PCR amplification of DNA from B. subtilis strain 168 using appropriately positioned synthetic oligonucleotide primers. The plasmids obtained were sequenced by primer walking with synthetic oligonucleotide9 and an automatic DNA sequencer.
ORFs
The sequence obtained (27779 bp) was analysed for the presence of ORFs that would encode peptides of at least 67aa (with the exception of spoVM, the product of which is only 27 aa long as described by Levin et al., 1993) and 27 were identified. All except yZoA and rpmB would be transcribed from left to right as shown in Fig.  1 , which corresponds to the same direction as used by DNA replication forks traversing the region. The translation initiation signals for the putative ORFs are listed in Table 1 . The initiation codon for most (17) of the ORFs was ATG, the next most frequent was TTG (5) and 4 ORFs used GTG (not including the two putative start sites of yloL; CCACUAG ; Mountain, 1989) . The spacing between the 3' end of the Shine-Dalgarno sequence (5' AGGAGG) and the first base of the initiation codon ranged from 11 to 5 bp. The most common spacings were 8 (25%), 6
(21%), 10 (18%) and 7 bp (14%).
ORFs with no known function
The amino acid sequence predicted for each ORF was searched for similarity to previously reported protein sequences using FASTA, BLASTX and Motifs. The results are summarized in Table 2 . Three predicted products,
The spoVM region of the B. subtilis chromosome YloA, YloS and YlpC, shared no significant similarity to any known proteins in the databases. Several other sequences, yloC, yloM, yloN, yloQ, yloU and yloV, appear to encode proteins that are highly conserved in other bacteria but for which no function has yet been assigned. T o try and obtain more information from the sequence of these proteins, the program TMpred was used to predict membrane-spanning regions and their orientation. YloU and YloQ have one strong putative transmembrane helix (N terminus inside the cell). YloA, YloC, YloM, YloN, YloS and YloV have no predicted transmembrane helices and they are therefore unlikely to be secreted or directly anchored to the membrane.
ORFs to which probable functions can be assigned
A substantial proportion of the ORFs showed strong similarity to genes of known function, allowing tentative functions to be assigned to the newly sequenced genes.
The functions uncovered were mainly associated with macromolecular synthesis. Thus, there were genes involved in synthesis of DNA (priA, recG), protein synthesis (def, fmt and rpmB) and phospholipid synthesis (plsX, fa6D and fa6G). Others were involved in intermediary metabolism (dfp, araD and cfxE) or nucleotide precursor synthesis (gmk). One is probably involved in the movement of cations across the membrane ( p a d ) and its product is predicted to have nine membrane-spanning helices, as has PacL from Synechococcus sp.
ORFs with unusual features
Two groups of genes found in the spoVM region are worthy of more extensive discussion. y l 0 0 and yloP .
encode proteins with signature motifs and similarity to families of eukaryotic proteins that act as serine protein phosphatases and kinases, respectively. The yZ00 and (994) 30 (291) 45 (1 83) 42 (199) 31 (60) 41 (408) 38 (579) 47 (143) 46 (299) 33 (404) 36 (357) 28 (249) 25 (260) 34 (564) 35 (272) 37 (229) 39 (229) 61 (218) 53 (215) 52 (213) 100 (26) 100 (62) 44 (57) 31 ( yloP genes are adjacent and slightly overlapping, so it seems likely that their products act on a common target or targets. Proteins of this class are relatively rare in prokaryotes but possible homologues of yZ00 and yZoP were found in other bacteria ( Table 2) . In eukaryotes these proteins generally act as regulators controlling a range of different functions (Hanks et al., 1988; Hunter, 1995) . In bacteria, there are two well characterized examples of serine phosphorylation. One system serves to regulate the activity of 0 factors, such as a* (Errington, 1996; Stragier & Losick, 1996) . The SpoIIAB kinase and SpoIIE phosphatase have opposing activities that regulate the state of phosphorylation of a specific serine residue on the SpoIIAA protein. Accumulation of the non-phosphorylated form of SpoIIAA leads to release of oF activity. The other system involves regulation of the sugar transport system (PTS), which is effected in part by phosphorylation of the Hpr protein on a specific serine residue (Voskuil & Chambliss, 1996) . Since yZ00 and yZoP appear to be embedded in an operon that
The spoVM region of the B . subtilis chromosome contains a gene involved in sugar metabolism (yloR/cfxE), it is attractive to suppose that yloP encodes the missing serine protein kinase for Hpr.
The organization of the yloO-yloQ region is also interesting because there is a similar arrangement of ORFs in Mycoplasma genitalium. Thus, MG108 encodes a putative serine/threonine protein phosphatase, MG 109 encodes a putative serine/threonine protein kinase and MGllO encodes a hypothetical protein similar to YloQ of B. subtilis. This region (135337-140022 bp) of the M . genitalium chromosome also contains an ORF similar to CfxE of Alcaligenes eutrophus and YloR of B. subtilis, which also lies in close proximity to the yloO-yloQ region (Fig. 1) . Another interesting question is posed by the two contiguous ORFs, yloW and ylpA. YloW is similar to YhaQ and to the N-terminal regions of two full-length L-serine dehydratases of E . coli (Table 2 ) , while YlpA is similar to YhaP and the C-terminal regions of L-serine dehydratases of E . coli. Moreover the organization of yZoW and ylpA in B. subtilis is similar to that of yhaQ and yhaP in E . coli. Although the alignment of YloW and YlpA overlaps in the central region of L-serine dehydratase, this is a region of only weak similarity (YloW shows 9 % identity and YlpA shows 16 YO identity to SdaA of E . coli in this region). Database searches using a six-frame translation of the DNA sequence from the yloW/ylpA region, using BLASTX, revealed no evidence of frame shifts in the DNA sequence. Thus, they almost certainly represent two separate genes. It seems possible that they encode two subunits of an enzyme with a function related to L-serine dehydratase.
